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Abstract 
Three main algal-dominated coastal detritic communities from the continental shelf off Mallorca and Menorca (Balearic 
Islands, Western Mediterranean) are described herein: maërl beds dominated by Spongites fruticulosus and forests of Laminaria 
rodriguezii located in the Menorca channel, and Peyssonnelia inamoena beds found along the Southern coast of Menorca. There 
seems to be a gradient of disturbance from the highly disturbed Peyssonnelia beds to the almost undisturbed L. rodriguezii forests. 
Whether this gradient is the result of current and past anthropogenic pressure (e.g. trawling intensity) or is driven by natural envi-
ronmental factors needs further assessment. Finally, the location of the target communities by means of ROV dives combined with 
the use of a Box-Corer dredge and beam trawl proved to be a good methodology in the study of the composition and structure of 
these deep water detritic communities. 
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Introduction
Mediterranean algal-dominated coastal detritic bot-
toms usually develop at depths between 25 and 130 m 
(Pérès, 1985; Giaccone et al., 1994). They are composed 
of silt, sand, gravels, and calcareous skeletons of ben-
thic organisms such as molluscs, bryozoans, cnidarians, 
echinoderms and macroalgae. Free-living members of 
the orders Corallinales and Peyssonneliales (Pérès, 1985; 
Klein & Verlaque, 2009) are usually the major compo-
nents of these bottoms. Both the skeletons and the calcar-
eous algae allow the settlement and growth of organisms 
usually found on rocky bottoms (Bianchi, 2001), creating 
a special habitat harbouring animals and plants of both 
soft and hard bottoms (Laborel, 1987).
Different assemblages have been recognized in Medi-
terranean algal-dominated coastal detritic bottoms, each 
one characterized by either one or a reduced number of 
more or less exclusive species (e.g. see Dieuzede, 1940; 
Huvé, 1954, 1956; Jacquotte, 1962; Pérès & Picard, 
1964; Picard, 1965; Giaccone, 1967; Bourcier, 1968; 
Augier & Boudouresque, 1978; Ballesteros, 1988, 1994; 
Giaccone et al., 1994). The Balearic Islands harbour ex-
tensive areas of these kinds of bottoms and different sea-
scapes have been described between 52 and 93 m, using 
bottom trawls (Joher et al., 2012): maërl beds dominated 
by Spongites fruticulosus, deep water forests of Lami-
naria rodriguezii, two types of Peyssonnelia beds (one 
dominated by P. inamoena and the other one by P. rubra, 
both species presenting hypobasal calcification, and the 
last one presenting some cystolists too), and red algae 
meadows dominated by Osmundaria volubilis and Phyl-
lophora crispa.
However, although bottom trawling was effective for 
the characterization of underwater landscapes, descrip-
tions at community level require the use of smaller sam-
pling areas. Several ROV dives were performed in 2009 
in the Menorca channel and along the Southern coast of 
Menorca (Barberá et al., 2009, 2012) in order to locate 
certain homogeneous areas harbouring the communi-
ties that characterized the seascapes found by Joher et 
al. (2012). Three of these areas were located: one with 
maërl beds of S. fruticulosus, another with forests of L. 
rodriguezii, and a last one with P. inamoena beds. In con-
trast, extensive areas covered by the assemblage domi-
nated by Osmundaria volubilis and Phyllophora crispa 
were found, with a patchy distribution.
Maërl beds dominated by S. fruticulosus have seldom 
been reported from the Balearic Islands (Barberá et al., 
2012), and their composition and structure have only 
been studied from Tossa de Mar (Northwestern Mediter-
ranean, Spain) (Ballesteros, 1988), where the maërl bed 
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grows in reduced light levels (around 0.3 % of surface 
PAR irradiance) and moderate temperature range condi-
tions (12.5 to 21.5ºC). Forests of L. rodriguezii develop 
under low light intensities (usually at depths between 50 
and 120 m, being more abundant below 70 m), low tem-
perature (less than 14ºC), and unidirectional current con-
ditions (Feldmann, 1934; Huvé, 1955; Molinier, 1960; 
Pérès & Picard, 1964; Giaccone, 1967, 1971; Lüning, 
1990; Giaccone & Di Martino, 1997). Most information 
available about these rarefied kelp forests focuses on spe-
cies composition although there are no quantified lists of 
species (Huvé, 1955; Molinier, 1956; Gautier & Picard, 
1957). Finally, several authors have reported Peyssonne-
lia beds developing on circalittoral bottoms, mainly along 
the coasts of Marseille, the Tyrrhenian Sea and the Bal-
earic Islands (e.g. Huvé, 1954; Carpine, 1958; Parenzan, 
1960; Augier & Boudouresque, 1978; Basso, 1990; Ball-
esteros, 1994; Joher et al., 2012), highlighting the variety 
of the dominant Peyssonnelia species. These beds also 
develop under low light conditions but they seem to need 
pulsing current conditions, which prevent the burial of 
living Peyssonnelia spp. (Bourcier, 1968; Basso, 1990). 
Two kinds of Peyssonnelia beds, one dominated by P. ro-
sa-marina and the other by an unidentified Peyssonnelia 
have been reported previously from the Balearic Islands 
(Ballesteros, 1994), but there is no published information 
on the beds dominated by P. inamoena.
The purpose of this paper is to describe the species 
composition and abundance of three specific communi-
ties from the detritic bottoms off the Balearic Islands 
(S. fruticulosus, L. rodriguezii and P. inamoena), which 
characterized three of the landscapes described previ-
ously in Joher et al. (2012). Another objective was to 
check whether Box-Corer dredging and beam trawling, 
combined with ROV images, are suitable methodologies 
to characterize deep-water coastal detritic communities.
Materials and Methods
The sampling area was located in the Menorca chan-
nel and along the Southern coast of Menorca (the Balearic 
Islands, Western Mediterranean; Fig. 1). The continental 
shelf bottoms of this area are characterized by sediments 
of biogenic origin (Canals & Ballesteros, 1997; Fornós & 
Ahr, 1997) with a high percentage of carbonates (Acosta 
et al., 2002), and the water column presents a high light 
transmittance (Ballesteros & Zabala, 1993; Canals & 
Ballesteros, 1997).
Sampling was performed in May 2009, during the 
MEDITS_ES05_09 campaign organized by the Centre 
Oceanogràfic de Balears (Instituto Español de Ocea-
nografía). Target communities had been located previ-
ously by ROV during the CANAL0209 research survey 
(February-March 2009): large areas were occupied by 
the communities with Spongites fruticulosus and Lami-
naria rodriguezii in the Menorca channel at depths be-
tween 50 and 62 m, while the community dominated by 
Peyssonnelia inamoena was found on the Southern coast 
of Menorca, at depths of around 65 m.
Because of the deep-water distribution of these 
communities, we did not sample them by SCUBA div-
ing but used other sampling methods: dredges (e.g. see 
Dieuzede, 1940; Huvé, 1956; Costa, 1960; Bourcier, 
1968; Blunden et al., 1977; Bordehore et al., 2003; Peña, 
2010) and beam trawls (Barberá et al., 2012; Ellis et al., 
2013). Images obtained by ROV, together with previous 
results (Joher et al., 2012), showed that the community 
dominated by S. fruticulosus was very homogeneous, 
and composed mainly of small maërl-forming species (S. 
fruticulosus and Phymatolithon calcareum). There, sam-
ples were collected using a Box-Corer dredge (sampling 
area: 200 cm2). In contrast, communities with L. rodrigu-
ezii and P. inamoena were more heterogenous because 
of the size of the algae and the aggregation in clusters 
of the thalli of the characteristic species. There, the use 
of a Box-Core was disregarded, and samples were col-
lected using a beam trawl (horizontal and vertical open-
ings: 1.30 and 0.88 m, respectively; mesh size: 10 mm), 
at speeds of 2.5-3.0 knots. Trawling time ranged from 
5 to 12 seconds and was controlled by a SCANMAR 
system (Scanmar Maritime Services Inc., Makati City, 
Philippines) in order to calculate the trawled area, which 
ranged from 6 to 16 m2.
We collected seven samples of the S. fruticulosus com-
munity, which were integrally quantified, and two from 
the L. rodriguezii and P. inamoena communities. All sam-
ples were preserved on board in 4% formalin:seawater. 
Samples of L. rodriguezii and P. inamoena were homo-
geneously extended occupying the corresponding sam-
pled surface, and we took two replicates of 1.2x1.2 m2 per 
sample. Samples and replicates were named C s-r, where 
C corresponds to each community, s to each sample, and 
r to each replicate. Then, they were sorted and identi-
fied to the minimum taxonomic level, and each taxon 
was quantified measuring its algal surface (Sai, in cm
2) 
and biomass (Bi, as dry weight in g) (Ballesteros, 1992). 
Skeletons of dead Corallinales were rejected because we 
only wanted to quantify live specimens.
Several synthetic parameters were calculated for each 
sample/replicate: a) the number of species, total algal sur-
face (SaT) and total biomass (BT); b) the Index of Floral 
Originality (IFO = (∑1/Mi)/n), where Mi is the number of 
samples in which the species i occurred and n the number 
of species in the sample; c) the total algal surface and 
biomass of the maërl-forming species (MFSSa, MFSB); 
d) Shannon’s diversity index (H’ = -∑pilog2pi), where pi 
corresponds to the proportion of the measured parameter 
(Sai/SaT or Bi/BT) for each species; and e) Pielou’s even-
ness index (J’ = H’/log2S), where H’ was based both on 
algal surface and biomass.
In order to verify the grouping of the samples, clus-
ter analysis accompanied by the SIMPROF test (Clarke et 
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al., 2008) adjusted to 9999 permutations and a 0.1% sig-
nificance level according to Potter et al. (2001), based on 
Sørensen and Bray-Curtis similarity matrices, were per-
formed for each community. Finally, SIMPER tests were 
used to calculate species contribution to the similarities 
within each of the three studied communities and their 
characteristic species. These analyses were performed with 
PRIMER version 6 software (Clarke & Warwick, 2001).
Results
We identified up to 143 algal taxa at specific and in-
fraspecific level (below named species for convenience) 
(Table 1), although some of them could not be identi-
fied to species level because either we had only small 
fragments of the specimens, they were sterile (e.g. Agla-
othamnion sp., Peyssonnelia sp., Polysiphonia sp., uni-
dentified Rhodophyta), or they are probably undescribed 
species (e.g. Halymenia sp., Rhodymenia sp.).
A total of 57 algal species were identified on the 
Spongites fruticulosus beds (Table 2), with a dominance 
(84.2%) of Rhodophyta (Fig. 2). The number of species 
per sample was 16±5; the SaT per sample 3965±2838 cm
2 
m-2; and the BT per sample 351±270 g dw m
-2. Maërl-
forming species represented 76.8±21.5% of total SaT per 
sample, and 94.5±3.7% of BT (Fig. 3). The characteristic 
species of these maërl beds were S. fruticulosus and Phy-
matolithon calcareum (SIMPER test, Fig. 4), which ac-
counted for 80% of SaT and 82.6% of BT. It should be not-
ed that despite statistical analyses (cluster + SIMPROF), 
based both on qualitative and algal surface data, indicated 
that the samples belonged to a single significant group; 
Fig. 1: Sampling locations of the three communities studied in the Menorca Channel and the Southern coast of Menorca. Isobaths 
of -50, -100 and -200 m are shown. Abbreviations: Spo, Spongites fruticulosus beds; Lam, forests of Laminaria rodriguezii; Pey, 
Peyssonnelia inamoena beds.
Fig. 2: Number of species (n) per community showing Rhodophyta, Phaeophyceae and Chlorophyta, and number of species and 
Index of Floral Originality (IFO) per sample (mean and standard deviation). Abbreviations: Spo, Spongites fruticulosus beds; Lam, 
Laminaria rodriguezii forests; Pey, Peyssonnelia inamoena beds.
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sample Spo III grouped separately from the other samples 
in the analysis based on biomass because it presented an 
extremely low biomass compared to the rest of the sam-
ples.
A total of 104 species were identified in samples col-
lected from Laminaria rodriguezii forests (Table 2), with 
Rhodophyta accounting for 85.6% of the species (Fig. 2). 
This community presented a mean of 64±8 species per 
replicate, a SaT of 3653±817 cm
2 m-2 and a BT of 106±42 
g dw m-2 (Fig. 3). The species Phyllophora crispa, Spon-
gites fruticulosus, Peyssonnelia coriacea, Laminaria 
rodriguezii, Flabellia petiolata and Peyssonnelia rubra, 
in this order, were found to be the main characterizing 
species in terms of algal surface, according to the SIM-
PER test (Fig. 4). Maërl-forming species represented 
21.8±5.7% of SaT but 76.3±5.0% of BT, and consequent-
ly, as regards biomass, the SIMPER test indicated that the 
main species were the Corallinales Spongites fruticulo-
sus, Phymatolithon calcareum and Lithothamnion valens 
(Fig. 4). Statistical analyses based on both qualitative and 
quantitative data showed no significative differences be-
tween replicates of both samples.
A total of 106 species were identified in the community 
with Peyssonnelia inamoena (Table 2), with Rhodophyta 
accounting for 85.8% of the species (Fig. 2). The number 
of species per replicate was 62±14; SaT was 1661±1118 
cm2 m-2; and BT 34±29 g dw m
-2 (Fig. 3). While the SIM-
PER test for algal surface indicated that P. inamoena and 
P. rubra were the most characteristic species, the analysis 
performed with the biomass data revealed four Peysson-
nelia species: P. inamoena, P. rosa-marina, P. harveyana 
and P. rubra (Fig. 4). In this community, maërl-forming 
species accounted for 6.3±3.6% of SaT and 30.6±15.0% 
of BT (Fig. 3). According to the statistical analyses, rep-
licates of both samples did not present significant differ-
ences in quantitative and qualitative species composition.
Discussion
Spongites fruticulosus beds presented a very low 
number of species, H’B and J’B, which could also be a 
sampling artifact due to the small sampling areas. Be-
sides, our results show that they were mostly character-
ized by the calcareous species of the basal stratum (main-
ly Spongites fruticulosus and Phymatolithon calcareum), 
which accounted for 76.8±21.5% of SaT and 94.5±3.3% 
of BT, erect algae being irrelevant. This relatively low de-
velopment of fleshy species was also been observed pre-
viously in Tossa de Mar (Spain, Northwestern Mediterra-
nean) and although it might be caused by low irradiance 
levels (Ballesteros, 1988), we still do not have the clues 
to explain this situation as the other communities studied 
here thrive at the same irradiance levels.
A contrasting case is displayed by the kelp forest of 
Laminaria rodriguezii, which showed a well-developed 
erect stratum, composed of dispersed clusters of thalli of 
L. rodriguezii, interspersed with free-living corallines and 
sand patches. Free-living corallines S. fruticulosus and P. 
calcareum were far less abundant (21.8±5.7% of SaT and 
76.3±4.9% of BT) than on Spongites fruticulosus beds. As 
expected, the forest presented higher values of H’ and J’ 
when compared to Spongites fruticulosus beds (Table 2), 
due to higher complexity. Diversity values based on algal 
surface are amongst the highest in Mediterranean algal 
communities, and similar to those found on free-living 
Peyssonnelia beds (Ballesteros, 1994) or other deep-wa-
ter communities along the Northeastern coast of Spain 
(Cystoseira zosteroides, Halimeda tuna, Lithophyllum 
stictaeforme and Phymatolithon calcareum) (Ballesteros, 
1988, 1992). The kelp forest of L. rodriguezii studied here 
was very similar in species composition to that found in 
Hyères Islands (France, Northwestern Mediterranean) 
(Gautier & Picard, 1957), and even to that found growing 
over coralligenous concretions at Ustica (Tyrrhenian Sea, 
Italy) (Giaccone, 1967), suggesting a high homogeneity 
of these forests in the Western Mediterranean Sea.
Peyssonnelia inamoena beds were quite diverse be-
cause soft erect algae and prostrate species were rela-
tively abundant. These beds were as rich in species as 
the L. rodriguezii forests but showed lower values of H’ 
and J’ (Table 2). They displayed the lowest percentage of 
free living corallines of the three communities (6.3±3.6% 
of SaT and 30.6±15.0% of BT) and, in addition, 45% of 
MFSSa and 41% of MFSB belonged to the calcified spe-
cies Peyssonnelia rosa-marina. Similar low abundances 
of members of the order Corallinales (<2%) have been 
found on other Peyssonnelia beds dominated by P. rosa-
marina or Peyssonnelia sp. in the Balearic Islands (Bal-
lesteros, 1994), which has been explained by the burial 
of corallines in bottoms with a high sedimentation rate, 
while Peyssonnelia and other fleshy species accumulate 
in ripple mark depressions (Ballesteros, 1994; Borde-
hore et al., 2003). Values of H’ and J’ in relation to algal 
surface were similar to values found on S. fruticulosus 
beds, but in relation to biomass, the P. inamoena com-
munity presented higher values of H’B and J’B (Fig. 3). 
Peyssonnelia beds seem to be abundant and diverse on 
the continental shelf of the Balearic Islands. In this re-
gard, besides the P. inamoena and P. rubra identified here 
and in a previous work (Joher et al., 2012), some bottoms 
dominated by different Peyssonnelia species have been 
identified previously in the Balearic Islands (Ballesteros, 
1994) as well as in other areas of the Western Mediter-
ranean Sea (Huvé, 1954; Carpine, 1958; Parenzan, 1960; 
Bourcier, 1968; Augier & Boudouresque, 1978; Basso, 
1990). In addition, the P. inamoena beds studied here 
also show a great abundance of other congeneric species 
(P. rosa-marina, P. harveyana, P. rubra), suggesting that 
all Peysonnelia beds could constitute a single habitat, 
where the different species could become dominant as a 
response to slightly different environmental conditions. 
However, further studies are required on this issue.
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Fig. 3: Characteristics of the three studied communities (mean and standard deviation). A) Total algal surface (SaT) and total 
biomass (BT). The percentage of the maërl-forming species is given for both parameters. B) Shannon’s diversity (H’) and Pielou’s 
evenness (J’) both based on algal surface (Sa) and biomass (B). Abbreviations: Spo, Spongites fruticulosus beds; Lam, Laminaria 
rodriguezii forests; Pey, Peyssonnelia inamoena beds.
Fig. 4: Results of the SIMPER test based on algal surface (Sa) and biomass (B) for the three communities. The species summa-
rizing 70% of total contribution to the similarity of the samples are given. Abbreviations: Spo, Spongites fruticulosus beds; Lam, 
Laminaria rodriguezii forests; Pey, Peyssonnelia inamoena beds.
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Although the spatial structure of the communities 
studied here was different, differences in species compo-
sition were small, as reflected in the low values of IFO 
calculated for each of the studied communities (Fig. 1). 
In this sense, previous reports of bottoms dominated by 
the kelp L. rodriguezii as ‘fonds à prâlines et Laminaria 
rodriguezii’ (Molinier, 1956; Gautier & Picard, 1957; 
Pérès & Picard, 1964), together with the high similari-
ties between S. fruticulosus beds and L. rodriguezii for-
ests highlighted in this study, suggest the existence of a 
gradient moving from the S. fruticulosus beds to the L. 
rodriguezii forests. Whether this is driven by natural en-
vironmental factors or by anthropogenic pressures would 
require further work. However, in this sense, recent stud-
ies pointed out that the abundances of this endemic kelp 
on detritic bottoms geographically differ depending on 
commercial trawling pressure, since well-developed L. 
rodriguezii kelps are only found in specific areas of the 
Menorca channel with low trawling pressure (Joher et 
al., 2012). Finally, the development of Peyssonnelia spp. 
communities could also be favoured by adverse local 
environmental conditions for the development of maërl 
beds. Thus, the natural presence of high sedimentation 
rates and/or changes induced by trawling, such as tur-
bidity, could enhance the abundance of Peyssonneliaceae 
over Corallinales, as previously observed in Alicante 
(Spain) and Malta (Bordehore et al., 2000).
ROV dives have been extremely useful for finding ex-
tensive beds of the three targeted communities and, in fact, 
this is the most advisable method to localize specific com-
munities in deep-water, highly patchy detritic landscapes, 
rather than using destructive dredges or Scuba-diving. 
Regarding the sampling method, the number of species 
reported for each community in this work is significantly 
higher than the values found in corresponding assemblag-
es sampled by bottom trawling (Fig. 5) (Joher et al., 2012). 
This was unexpected since the sampled surface was much 
larger in the collections made by bottom trawling. Bot-
tom trawls have a larger mesh size than beam trawls (20 
mm vs 10 mm), which could explain this increase in the 
L. rodriguezi and P. inamoena communities, even when 
sampling much smaller surfaces. In the case of the S. fru-
ticulosus community, Box-Corer dredges completely pre-
vented any loss of sample and probably this is the reason 
explaining the increase. Thus, Box-Corer dredges or beam 
trawls seem to be good sampling methods for studying the 
composition and structure of deep-water detritic commu-
nities, although bottom trawls are equally effective if the 
main assemblages have to be identified in large areas.
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